the chromosomes have so far largely defied analysis. However, it is pos sible to specify and define each of the end-pieces, and therefore each chromosome in terms of them, on physiological grounds, namely, their property of pairing at meiosis. Owing to the interchanges by which com plexes differ, different metaphase associations of chromosomes are pro duced a t meiosis by the pairing of similar chromosome ends when different complexes are combined. Considerable advances in such cytological analysis of many complexes have been made, especially by Emerson and Sturtevant (1931, 1932) , Emerson (1936) and Cleland (1935 Cleland ( , 1937 . Renner (1933 Renner ( , 1938 has made similar analyses by employing breeding methods in which use is made of marker genes to test whether particular chromosomes are linked in segregation.
It is almost inevitable th a t the definitions employed in these two systems of analysis should be a t variance with one another. For it is unlikely th a t fourteen different entities, the end-pairing segments of the chromosomes, would be labelled in the same way in separate arbitrary schemes. But, happily, the schemes of the American authors and of Renner are not entirely independent. Unfortunately, however, the points of difference in the two systems of definition have not been recognized, with the result th a t Cleland (1937, p. 485) concluded th a t the only formula for rigens common to his four possibles and Renner's two must be the correct one. But, as the two sets of possibilities were inferred on two distinctly different systems of definition, i.e. labelling of chromosome ends, it is mere chance th a t there was even one in common. Further computations, e.g. those of Renner (1938) , based on this inference are therefore vitiated.
The present author has been accumulating data with a view to fitting the complexes described by Gates and Catcheside (1932) into the system outlined by Emerson and Sturtevant (1931) . The new data have served to bridge the gap between Renner's work and th a t of the American authors.
In the analysis outlined below only those items in the new hitherto unpublished data or in the published data which contribute to the analysis are listed. There are, of course, many additional determinations of the chromosome configuration in other combinations of the complexes here discussed. They do not, however, promote the analysis, though they fit and confirm the conclusions in every test th a t can be applied. On the other hand, it is impossible to point to any datum th a t definitely disagrees with the conclusions reached. In fact, on several occasions during the work a prediction was made, and later verified by further experiment, th at an apparent misfit was in reality an error of observation in one respect or another. Any hitherto unpublished cytological determination is referred to as " C. unpubl." in the text under the complex where the datum is used. In some cases it will be found th at the chromosome configuration is different from that listed in the compendium of Gates and Ford (1938) ; the present record is a correction of the previous one.
An extension and modification of the definitions proposed by Emerson and Sturtevant (1931) has been made. The reasons for the modifications are set forth in the places where they are made. The alterations and exten sions have been made with a view to the least possible disturbance of previously published analyses.
The full arguments and computations have not been set out in detail at places where they would add unnecessarily to the length and tedium of the paper. Enough information has been given to point out the method used in the selection or elimination of different possibilities at such places. Emerson and Sturtevant (1931) proposed the following definitions of chromosome end-pairing segments for a number of Oenothera complexes:
Alterations to definition of chromosome pairing ends
Structural analysis of Oenothera complexes 511 hHookeri 1.2 3.4 5.6 7.8 9.10 11.12 13.14 flavens 1.4 2.3 5.6 7.8 9.10 11.12 13.14 velans 1.2 3.4 5.8 6.7 9.10 11.12 13.14 gaudens 1.2 5.6 hfranciscana 1.2 3.4 5.6 7.10 8.9 11.12 13.14 "N " 1.2 3.4 5.6 7.14 8.13 9.10 11.12 jugens 1.4 7.14 8.9
These definitions served to define all the chromosome ends, except 11 and 12 which are still equivalent. No two of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 13 and 14 are now equivalent. Unfortunately, the original strain of " A7" was lost, and the impossibility of testing new complexes with it (and, indeed, checking the determinations with old ones) has inevitably led to difficulties. I t seems best to cut the Gordian knot by discarding the definitions sealed by " A " and jugens. In doing so, it must be understood clearly th at retaining the chromosome definitions based upon velans, gaudens and hfranciscana, we have th a t: 1 is equivalent to 2 3 " 4 5 " 6 7 " 8 9 " 10 11.12 " 13.14 hB lan d in a (an alethal complex of 0. Lamarckiana).
blandina. hHookeri6, 2, 2, 2, 2 Cleland 1937; Catcheside 1939a . blandina .flavens 6, 4, 2, 2 Cleland 1937 Catcheside 1939a . blandina. velans 8, 2, 2, 2 Cleland 1937 Catcheside 1937 . blandina .excellens4, 2, 2, 2, 2, 2 Cleland 1937 C. unpub. This complex has two hHookeri, not flavens, chromosomes, namely, 1.2 and 3.4; and one hHookeri, not velans, chromosome, namely, 5.6 or 7.8. Now excellens has a chromosome structure identical with th at of ciscana in respect of the arrangement of the end-segments. hBlandina has one excellens, not hHookeri, chromosome, namely, 7.10 or these are incompatible with 7.8 and therefore must have 5.6. The fourth chromosome like hHookeri must be 11.12 or 13.14.
We know th a t 7.10 and 8.9 are equivalent, as also are 11.12 and 13.14. We may select either one of each pair, say 7.10 like excellens and 11.12 like hHookeri. This fixes the definition of 7, 8, 9 and 10, no two of which are now equivalent; it also defines the difference between 11.12 and 13.14 but leaves 11 equivalent to 12 and 13 equivalent to 14. In there is an interchange between 8.9 and 13.14, and since 13 is still equi valent to 14 it does not m atter which of the two possibilities we select. If our selection is 8.13 + 9.14 we have th a t hblandina is 1.2 3.4 5.6 7.10 11.12 8.13 9.1 and th a t 13 and 14 are now fixed. Catcheside (1939a) has shown th a t two X-ray induced interchanges of ^blandina have the following structures: blandina-Ais 1.2 5.6 7.10 8.13 9.14<^ ^ x 3.12 4.11 (6) b l a n d i n a -B is 1.4 2.3 5.6 7.10 11.12 8-13 9.14 L atifro n s (the alethal complex of Shull's O. rubricalyx) is known (Emerson and Sturtevant 1931) to have 1.2, 3.4, 5.6, (7.10 or 8.9) and (11.12 or 13.14):
latifrons.^blandina 4, 2, 2, 2, 2, 2 C. unpub.
Clearly latifrons has two more chromosomes like hblandina, and these can only be 7.10 and 11.12. For, if latifrons had 8.13 and 9.14 like h it would need to have 7.10 and 11.12 like hfranciscana' , this arrangement would give seven pairs with h b l a n d i n a.
hPurpurata (the complex of the homozygous species 0. purpurata from northern Germany). This complex has two more chromosomes like* hHookeri than it has lik e flavens; these are 1.2 and 3.4. It also has one more like hHookeri than like velans, viz. 5.6 or 7.8. Chromosome 5.6 must be this one, for if hpurpurata had 7.8 and not 5.6 it must also have two of the three chromo somes (7.10, 8.13 and 9.14) by which h6 differs from hHookeri-, obviously that is impossible.
Further, hpurpurata has two other chromosomes like hHookeri, i.e. two of 9.10, 11.12 and 13.14, and two others like i.e. two of 7.10, 11.12, 8.13 and 9.14. These requirements can be satisfied only if hpur purata has 11.12. But it also has two more chromosomes like latifrons, i.e. two of 7.10, 11.12, 8.14 and 9.13; 11.12 is one of these, and the only possibility for the second one is 7.10. The remaining chromosomes of hpurpurata are 8.9 and 13.14.
h P u rp u ra ta is 1.2 3.4 5.6 7.10 8.9 11.12 13.14 It follows that hpurpurata is equivalent to hfranciscana, and a number of Californian complexes (Cleland 1935 It has one f l a v e n s ,not hHookeri, chromosome, namely, 1.4 or 2.3. These two are still equivalent and we may select either, say 1.4. This fixes 1, 2, 3 and 4, no two of which are now equivalent, salso has one * T he phraseology is necessarily com pressed to save circum locution. A sta te m e n t such as th is m u st be ta k e n to m ean th a t th e specified n u m b e r o f chrom osom es in one com plex h av e a s tru c tu re in resp e ct of th e ir end-segm ents id en tical w ith th a t o f th e corresponding chrom osom es in a second com plex b u t different from th a t o f th o se in a th ird com plex. F ro m such a fa c t w e m a y deduce th e s tru c tu re o f c e rta in ch ro m o somes in th e first com plex.
hpurpurata, not hHookeri, chromosome, i.e. 7.10 or 8.9. But since it has no chromosome like hblandina, the one like hpurpurata must be 8.9.
s-
Albicans has 1.4 8.9.
Before proceeding further with the analysis it will be convenient to summarize the definitions th a t have been proposed, as follows: 7-in a pair in hfranciscana.hblandina 8-in the ring in hfranciscana .hblan 9.10: exchanged with 7.8 in hfranciscana.
9-in the ring in hfranciscana.hblan 10-in a pair in hfranciscana ,hblandina 11.12: the remaining chromosome of hj when the other six have been specified. 11
-not yet differentiated from 12. 12-not yet differentiated from 11. 13.14: exchanged with 8.9 in hblandina.
13-with 8 in hblandina. 14-with 9 in hblandina.
Analysis of various complexes*
R u b ricaly x -a (the alethal complex of Gates' O. rubricalyx).
rubricalyx-a.hHookeri 4, 2, 2, 2, 2, 2 C. unpub. rubricalyx-a, .flavens 4, 4, 2, 2, 2 C. unpub.
* Since th is m a n u sc rip t w as co m p leted , S. M. S ik k a h as p u b lish ed a p ap e r ( Genet. 39, 309, 1940) in w h ich h e discusses som e o f th e com plexes d e a lt w ith in th is article. H is an a ly ses d e p e n d u p o n th e defin itio n s o f th e ch rom osom e en d -seg m en ts described in th e p rev io u s se ctio n a n d his conclusions ag ree w ith th o se d escrib ed in th is section for 1 1 If rubricalyx-a has 7.8, and knowing that it must also have two of 9.10, 11.12 and 13.14, with the third of these interchanged with 5.6, there could be no remaining possibility for a second pair with gaudens. Hence rubricalyx-a has 5.6 and 7.8 is exchanged with one of 9.10, 11.12 and 13.14. Also, rubricalyx-a has two more chromosomes like hblandina, i.e. two of 7.10, 11.12, 8.13 and 9.14; it must therefore have 11.12 and either 7.10, 8.9 and 13.14 or 7.14, 8.13 and 9.10. But in rubricalyx-a hpurpurata there is a ring of six chromosomes; therefore rubricalyx-a cannot have 7.10, 8.9 and 13.14.
Rubricalyx-a is 1.2 3.4 5.6 7.14 8.13 9.10 11.12.
In a like manner, it may be shown (cf. Rigens has two more chromosomes like than flavens; therefore it has 1.2 and 3.4. It has one more chromosome like hHookeri than velans, namely, 5.6 or 7.8. Lastly, there is one more chromosome like hHookeri than hpurpurata, namely, 7.8 or 9.10. Therefore, rigens has 5.6 and 9.10 or 7.8 alone. With gaudens, one of the four pairs is given by 1.2; unless one of the other three is given by 5.6 it would be impossible to have four chromosomes in common between rigens and hHookeri and between rigens and gaudens. Hence rigens has 5.6 and 9.10. The three remaining chromo-somes are compounded of the chromosome end-segments 7, 8, 11, 12, 13 and 14 taken two a t a time; there are eight ways in which a ring of six chromosomes with hHookeri could be secured from these, v 7 . i i < 8 14 1213 x 8.13 12.14 7 . 1 < 8 ' 14 1 1 1 3 x 8.13 11.14 7 . 1 < 8 ' U 12' 14 X8 .12 11.14 8.11
8.12
12.13 11.13
B ut rigens cannot have 7.14 or 8.13 like or there would be more than four pairs in their combination. The four arrangements with 7.14 or 8.13 may be excluded in other ways: (1) Since has four pairs, gaudens must have two chromosomes like those of rigens made up from 7, 8, 11, 12, 13 and 14. B ut gaudens cannot have 7.14 or 8.13, for gaudens .rubricalyx-a has a ring of ten chromosomes and two pairs (C. unpub.), the latter being given by 1.2 and 5.6. Hence for the cases where rigens has 7.14 or 8.13, gaudens would be required to have 7.11 and 12.14, 7.12 and 11.14, 8.11 and 12.13, or 8.12 and 11.13 respectively. In each case, therefore, gaudens .rubricalyx-ot would have a ring of four chromo somes, which is inconsistent with observation. (2) has a ring of eight and three pairs, the latter being accounted for by 1.2, 3.4 and 5.6. Therefore, rigens cannot have 8.13. Nor can it have 7.14, for in such a case it would also have 8.11 and 12.13 or 8.12 and 11.13, either of which would give a ring of four chromosomes with 8.13 and 11.12 of hblandina. Therefore the four rigens possibilities having 7.14 or 8.13 are excluded.
Rigens is 1.2 3.4 5.6 9.10 r 7.11 8.14 12.13 {a) -7 .1 2 8.14 11.13 (b) -7.13 8.11 12.14 (c -7.13 8.12 11.14 (d)
These four possibilities appear to be the same as those inferred by Cleland (]t 937, pp. 484-485), but since they have been derived on independent systems it does not follow th a t the possibilities are identical each to each. 
7.11+ 8.14 7.12+ 8.14 7.13+ 8.11 7.11 + 12.13 7.12+ 11.13 7.13+12.14 8.14+12.13 8.14+ 11.13 8.11 + 12.14 Gaudens has one more chromosome like blandina-A than like hblandina, i.e. one of 3.11, 3.12, 4.11 and 4.12. It also has one more chromosome like latifrons than like hHookeri, hfranciscana, hblandina or i.e. 8.14 or 9.13. Further, it has two more chromosomes like rigens than like hHookeri. These must be two of the three rigens chromosomes th at give the ring of six with hHookeri. There are three ways of selecting these two chromosomes from each of the four rigens possibilities, thus making twelve different selections:
7.13+ 8.12 7.13 + 11.14 8.12 + 11.14 Two, viz. 8.11 + 12.14 and 8.12+11.14, would give a ring of four chromo somes with latifrons 8.14+ 11.12 and are therefore impossible. Four more, viz. 7.13 + 8.11, 7.13+12.14, 7.13 + 8.12 and 7.13+11.14, are im possible, as they would not allow the third chromosome like latifrons, namely, 8.14 or 9.13. This means th at rigens ( and (d) possibilities must be discarded, as neither of them is compatible with other gaudens require ments.
Consequently, rigens has 1.2, 3.4, 5.6, 9.10, 8.14 and either 7.11 + 12.13 or 7.12 + 11.13. But ends 11 and 12 are still equivalent and we can define them by selecting one of the two alternative formulae, say 7.12+11.13.
Rigens is 1.2 3.4 5.6 9.10 8.14 7.12 11.13 and the definitions of 11 and 12 are 11-with 13 in rigens, 12-with 7 in rigens.
This reduction in the number of the rigens formulae leaves only three possibilities for the two further chromosomes like gaudens. Of them, one, Vol. 128. B. namely, 7.11 + 12.13, is impossible as it would not permit a third chromo some like b l a n d i n a -A , i.e. one of 3.11, 3.12, 4.11 and 4.12, since both the ends 11 and 12 would be used up. Therefore gaudens has 8.14 like latifrons and rigens and either 7.12 or 11.13 like rigens. The possible formulae for gaudens a re :
1.2 5.6 8.14 r 7.12 l 11.13 -3.11 -4 .9 10.13 (i) -4 .1 0 9.13 (ii) -4 .1 3 9.10 (iii) -4.11 i-3.9 10.13 (iv) -3 .1 0 9.13 (v) -3.13 9.10 (vi) r-3.12 |-4.9 7.10 (vii) -4 .1 0 7.9 (viii) -4 .7 9.10 (ix) -4.12 r-3.9
7.10 (x) -3.10 7.9 (xi) -3 .7 9.10 (xii)
Many of these possibilities may be eliminated in the following w ays:
(1) Gaudens cannot have 9.13 like latifrons as well as 8.14; hence (ii) and (v) are impossible.
(2) Gaudens cannot have 9.10 like formulae (iii), (vi), (ix) and (xii) are therefore impossible.
(3) Gaudens cannot have 7.10 like ; therefore formulae (vii) and (x) are impossible.
Gaudens is one of 1.2 5.6 8.14 r 7 .12 1 0 .1 3 /3 1 1 4.9 {a) x 4.11 3.9 (b) /3 .1 2 4.10 (c) -7 -9 H l < 4 . 12 3. There are two chromosomes like flavens, but not like h ; therefore flectens has 1.4 and 2.3. There is one rigens, not h chromosome,
i.e. one of 7.12, 8.14 and 11.13. But there is no pair in therefore 8.14 is impossible. The chromosome like rigens must be 7.12 or 11.13.
The chromosomes 5.6 and 7.8 of f land hHookeri and 5 of velans are either (1) in a ring of four chromosomes with flectens which must therefore have 5.7 and 6.8; or (2) in the ring of six chromosomes with flectens which must therefore have an arrangement of 5, 6, 7 and 8 with one of 9.10, 11.12 and 13.14.
On alternative (1) four chromosomes of would be 1.4, 2.3, 5.7 and 6.8. A fifth, for the pair with rigens, must be 11.13. The remaining two are 9.11 and 10.14 or 9.14 and 10.11. Thus two possible formulae are:
1.4 2.3 5.7 6.8 n 13 /9 .1 2 10.14 (i) 9 .1 4 10.12 (ii)
On alternative (2) the following formulae are possible, remembering th at flectens must have 7.12 or 11.13 like Neither of these will give the correct configuration (a ring ol eight and a ring of six) with any of the four gaudens formulae. Hence flectens (i) is impossible.
34-2
With flectens(ii):
1.4 8.9 5.7 11.13 1 0 .12<"2 ' 6 3,14 x 2.14 3.6 (6) Only (6) will fit any of the gaudens formulae, namely, gaudens (a). W ith flectens(iii):
1.4 8.9 7.10 12.14 1 1 .I S / 2 '® 3 5 (a) x 2.5 3.6 (6) These are impossible, for s-albicans cannot have t and 7.10, like hpurpurata. Flectens (iii) is impossible. W ith flectens(iv):
1.4 8.9 5.10 12.14 1 1 .1 3 /2 ' 6 3-7 x 2.7 3.6 (6) These are impossible for they would give a ring of four chromosomes, 11.12-72.24-14.13-73.22, with hHooker Flec W ith flectens(v):
1.4 8.9 5.7 12.14 1 1 .13< These are impossible for they would give a ring of four chromosomes, 11.12-72.72-14.13-23.22, with hHookeri. Flectens (v) is impossible.
W ith flectens (vi): Two chromosomes like flectens (vi) are 1.4 and 8.9. The other two are one of the following pairs: 11.13+12.14, 11.13 + 5.7, 11.13 + 6.10, 12.14 + 5.7, 12.14 + 6.10, and 5.7 + 6.10. Two of these pairs are im possible; for, 5.7 + 6.10 would give a ring of four chromosomes with 5.6 and 7.10 of hpurpurata and 11.13+ 12.14 would give a ring of f 11.12 and 13.14 of hHookeri:
(a) 1.4 8.9 11.13 5.7 2.6 / 3 -12 x3.14 10.14 (i) 10.12 (ii) /3 .1 2 L2.10<
x 3.14 6.14 (iii) 6.12 (iv) /3 .6 -2.12<
x 3.10 10.14 (v) 6.14 (vi) / 3 . 6 10.12 (vii) -2 . 14\ 3 10 6.12 (viii)
Only (iii) and (vii) will fit any gaudens possibility, namely, gaudens (a) and (b).
(b) 1.4 8.9 6.10 11.13
Structural analysis of Oenothera complexes 521 -2 .5 < 3 ' 12 7.14 (i) X3.14 7.12 (h) -2 .7 < 3 ' 12 x 3.14 5.14 5.12 (hi) (iv) / 3 .5 -2.12< 7.14 (v) x 3.7 5.14 (vi) /3. 
All except (iii), (v) and (vii) will fit one or more of the four gaudens possi bilities.
With flectens(vii):
1.4 8.9 5.11 7.12 10.1 4 /2 ' 6 3-13 x 2.13 3.6 (b)
Neither of these fits any of the four gaudens possibilities. Hence (vii) is impossible. With j flectens(viii):
1.4 8.9 5.11 7.12 10.13<f2 6 3,14 X 2.14 3.6 (b) Formula (a) will fit gaudens (c) and (d The tests of the s -a l b i c a n sf ormulae have resulted in the elimina all but three of the eight possible flectens formulae. These may, for con venience, be relabelled with letters, as follows:
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D. G. Catcheside
Flectens is one of 1.4 2.3 -5 .7 -6 .8 11.13 9.14 10.12 {a) -6 .1 0 8.9 11.13 12.14 (b) -6 .8 5.11 7.12 9.14 10.13 (c Flectens (a) and (6) fit gaudens (a) and (c) fits gaudens (c) and (d). Also, there are fifteen formulae th a t remain as possibilities for but two are duplicates one of the oth er; thus there are fourteen th at are actually different. We may summarize them, with the gaudens and th a t they fit, as follows: Cleland 1926 . Cleland 1931 . Renner 1933 , 1938 . Renner 1938 .
Curvans has one chromosome like f l a v eb ut not hHookeri, na or 2.3. It also has one like excellens (and but not hHoolceri, namely, 7.10 or 8.9. Comparison of the configurations given with and hpurpurata respectively, shows th at the 8.9 and 7.10 chromosome of hpurpumta not possessed by curvans must be in the ring of four in curvans. hpurpurata with one of 5.6, 11.12 and 13.14. Similarly, the ring of six chromosomes in hH o o k e r i . c u r v a n s contains, as hHookeri chromosomes, 7.8 and 9.10 with one of 5.6, 11.12 and 13.14. But since has a ring of fourteen chromosomes replacing the rings of eight and six in ^Hookeri .curvans, it follows th at hHookeri 5.6 and 7.8 are in separate rings in hHookeri. curvans. Inspection of the known possibilities for flectens chromosomes shows th at the second chromosome in common between flectens and curvans must come from (1) 8.9 like flectens (2) the 7.10 or 8.9 exchange with 11.12 or 13.14 and be one of 9.14, 10.12, 10.13 and 7.12 like flectens (a) or (c); or (3) 5.11 like The three curvans chromosomes in the ring of six with hHookeri are there fore one of the following combinations: 8.9 7.11 10.12 (A) 8.9 7.12 10.11 (B) 8.9 7.13 10.14 (C) 8.9 7.14 10.13 (D) 7.10 8.11 9.12 (E) 7.10 8.12 9.11 (F) 7.10 8.13 9.14 (G) 7.10 8.14 9.13 (H) But curvans cannot have any chromosomes like rigens, therefore (B) with 7.12 and (H) with 8.14 are impossible. Secondly, (E) and (F) would not permit a second chromosome like flectens, and are therefore impossible. Thirdly, (C) is impossible, as it would give a ring of four chromosomes with 8.14 and 9.10 of rigens. Lastly, (D) is impossible, as it would give a pair (10.13) with gaudens (a) and ( b )o r a ring of four chromosomes (8. 7.9 -9 .8 )with gaudens (c) and (d). The possibilities in which 5.11 would be the second pair with flectens (c) are all included in the arrangements which include (G). The total number of possibilities for curvans are therefore thirty-two. We may proceed to write all of them down and test their fit with the three flectens formulae and the nine s formulae:
8.9 7.11 10.12 -1.4
7.10 9.14 8.13 It follows that, since the s -a l b i c a n sf ormula ( (o)) that fits flectens (c) will fit none of the curvans formulae that fit flectens (c), ( and flectens (c) are impossible. Flectens is therefore one of 6.8 9.14 10.12 6.10 8.9
12.14 (b) We know also that these two flectens formulae are fitted only by and (6); gaudens (c) and (d) are therefore impossible and gaudens is one of 3.11 4.9 (a) 4.11 3.9 (b) Lastly, only nine of the tentative curvans formulae will fit s-albicans and flectens formulae that are mutually fitted. A comparison of the mutual fitting of curvans, s-albicans and gaudens possibilities serves to eliminate two more of the s-albicans possibilities: (1) s fits curvans (a); the latter is fitted by gaudens (b), which does not fit s-albicans (2) s-albicans (1) fits curvans (c); the latter is fitted by gaudens {a), which does not fit s-albicans (1).
Further eliminations of the various possibilities for flectens, s-albicans, curvans and gaudens may be made on the basis of the breeding results described by Renner (1933) . Flavens. curvans has two rings of six chromosomes and a p air; the latter is either 1.4 or 2.3. Curvans carries M (red-margined leaf), Cu (bent stem tip) which is probably homologous with Fl, and b (narrow leaf), while flavens carries m , cu (erect stem tip) and B (broad leaf) which is known (Renner 1933) to be on chromosome 7.8. In the F2 from curvans, m and M were found to have segregated from each other, both were obtained in homozygous condition and therefore both are alethal and neither is linked to a lethal. Also, B segregated from b ; B is in 7.8 and is therefore in one of the rings of six in fla Alth zygotes may be obtained they usually have defective leaves and flowers, since B is linked in this combination with a factor def which produces leaf and flower defects. But b b homozygotes are lethal, either because b itself is lethal or because it is linked with a lethal in flavens .curvans. Therefore M is in a pair or else in the ring of six th at does not contain B b. This second ring of six contains 5.6, of which carries Sp (pointed bud and leaves); this factor is lethal when homozygous. Now if 2.3 of flavens is not in a pair in flavens .curvans it must be in the ring of six chromosomes th a t includes 5.6. Consequently, if 2.3 is in the ring of six m would be linked in segregation with the lethal Sp and therefore unobtainable in homozygous condition. B ut we know already th at m m homozygotes are viable. Therefore m cannot be lethal or linked to a lethal (in particular, Sp) and must be in a free pair of chromosomes, namely 2.3. Therefore curvans has 2.3 but not 1.4.
These considerations show th a t the five curvans formulae with 1.4 are impossible and therefore th a t curvans is one of 2.3 8.9 7.11 10.12 pi.5 4.13 6.14 (e) U.6 4.14 5.13 (/) -1 .1 3 4.5 6.14 -1 .1 4 4.6
(h)
Only two s-albicans formulae will fit these four curvans formulae, sequently s-albicans is one of 1.4 8.9 5.7 n 13/1 0 .1 2 2.14 3.6 (a) \ 2.10 3.12 6.14 (6) b -A lb ican s (the egg complex of biennis).
All the data upon which the above two formulae for a com bination, b -a l b i c a n s .b f l a v e n s ,which contains a complex, b th a t is a mixture of four flavens chromosomes, 1.4 + 2.3 + 5 .6 + 1 3 .1 4 , and the triplet, 8.9 + 7.11 + 10.12, from curvans th a t brings in the narrow leaf factor, b, in place of the flavens broad-leaf factor, B, th at is in chro mosome 7.8 of the triplet 7.8 + 9.10+11.12. Renner states th at the combination b-albicans .b flavens has a ring of eight chromosomes and three pairs. Comparison of the formula for b flavens with the two possi bilities for b-albicans shows th at only one of the latter could give the necessary three pairs with b flavens: b-albicans is 1.4 8.9 5.7 11.13 10.12 2.14 3.6 (a)
This b-albicans formula fits only one of the two remaining gaude?is formulae:
G a u d e n sis 1.2 5.6 7.12 8.14 10.13 3.11
(a)
Therefore blandina-A is 1.2 5.6 7.10 8.13 9.14 3.11 4.12 (a)
Also gaudens (a) will fit only one of the two possible s-albicans formulae, namely, the one th at has the same structure as b-albicans. We have there fore proved, what has long been suspected, th at albicans from biennis is similar in the arrangement of its end-pairing chromosome segments to the albicans from O. suaveolens. There is now no longer any need to differentiate between the source of the albicans complex when analysis of the present type is being conducted. We know also th at curvans. gaudens has a ring of fourteen chromosomes (Renner 1938) . Only two of the four remaining curvans formulae will give such a configuration with the gaudens structure th at has been inferred. Therefore curvans is one of 2.3 8.9 7.11 /1 .5 4.13 M.14 4.6 6.14 5.13
Renner (1938) has described the behaviour of a mixed complex, B cur vans, consisting of four curvans chromosomes and three flavens chromo somes. It has the flavens chromosomes 7.8, 9.10 and 11.12 instead of the three curvans chromosomes 8.9, 7.11 and 10.12. From the cross O. biennis x curvans .flavens, Renner obtained the combination albicans. B curvans and found th at it had a ring of eight chromosomes and a ring of six. The three chromosomes th a t B curvans received from flavens make a chain of seven chromosomes with four of the albicans chromosomes, namely (flavens, i.e. B curvans, chromosomes in italics), 10. 12-12.11-11. 13 . Therefore B curvans must have 5.13, from curvans possible formula (h), to complete the ring of eight chromosomes given with albicans. If the other possible set of four curvans chromosomes, those in formula (e), were in the B curvans mixed complex, B curvans would have a ring of ten chromosomes and a ring of four. This does not fit the observations. I t follows th a t curvans has the second ( ) of the two possible formulae:
Curvans is 1.14 2.3 4.6 5.13 7.11 8.9 10.12
Flavens .flectens has a ring of six chromosomes, a ring of four and two pairs. The pairs are 1.4 and 2.3 and carry respectively the factors FI (in 1.4) and M (in 2.3) from flectens and fl and m from flavens (Renner 1933) . Also, flectens carries the factor lor ( ) which is recessive to the homologue Lor carried by flavens. When homozygous, lor is a semilethal, the plants being crippled dwarfs with narrow leaves. In the F2 from flavens .flectens, lor lor, Lor lor and Lor Lor plants are obtained; the segregation of lor from Lor is independent of those of Fl fl and of M m which are also independent of one another. Therefore, Lor and lor are located in the chromosomes which make up the ring of four or the ring of six. Renner (1933, p, 235) has shown th a t Lor lor plants have the same configuration as the Fx, namely, 6, 4, 2, 2. All plants th at are homozygous for lor or Lor have 6, 2, 2, 2, 2 whether or not they are homozygous for M or m or fl. Consequently the lor factor lies in a ring of four chromo somes in flavens .flectens. This ring of four is constituted as follows: 5 . 7 -7 .8 -8 .6 -6 .5 or 11.13-13.14-14.12-12.11 ( chromosomes in italics), according to whether flectens formula (a) or (6) is correct. In the first case, Lor, the factor th a t lies in flavens chromosomes would be linked with the lethal Sp in chromosome 5.6 of flavens. In the first case therefore Lor would be unobtainable in the homozygous condition; this construction of the ring of four must be impossible: This complex has two chromosomes like rigens, but not like i.e. two of 7.12, 8.14 and 11.13. There is no pair with albicans, therefore 11.13 is impossible; rubens has 7.12 and 8.14. The remaining chromosomes are an interchange arrangement of the rigens chromosomes 3.4, 9.10 and 11.13. There are eight possibilities for this arrangement:
Of these, (ii) and (vii) are impossible, for they would give a ring of four chromosomes with 7.10 and 11.12 of and hpurpurata', formulae (iii) and (vi) are impossible, for they would give a ring of four chromosomes with hblandina 8.13 and 9.14; and formulae (i) and (viii) would give a ring of fourteen chromosomes with albicans and are therefore impossible. Of the two remaining possibilities only formula (v) gives a ring of fourteen chromosomes with the curvans formula. The other formula (iv) gives a ring of ten and a ring of four chromosomes with the curvans formula. Therefore rubens is
We have therefore been able to demonstrate th at rubens has an arrange ment of the end-segments of its chromosomes exactly like th at of gaudens.
In a paper which has sought chiefly to provide a firm cytological basis for genetical and evolutionary studies that are in progress no important general conclusions may be expected. The evolution of the genus, at least in its more recent phases, has involved the establishment of a balanced 1.2 5.6 7.12 4.11 10.13 (i) 4.13 10.11 (ii) 4.11 9.13 (iii) 4.13 9.11 (iv) 4.9 10.13 (v) 4.10 9.13 (vi) 4.9 10.11 (vii) 4 .1 0 9.11 (viii)
1.2 5.6 7.12 8.14 3.11 4.9 10.13
Discussion lethal system associated with and maintained by a system of structural hybridity th at is mainly interchange in character. An investigation of the chromosome constitution of a large number of complexes should indicate in a general way the approximate order of the different interchanges which have occurred in the differentiation of the races. The precise determination of the various steps in the change require an exact set of definitions of the parts th at are subject to the change. These are provided by the analyses outlined above. Prof. R. E. Cleland has indicated (in litt.) that he has made a consistent analysis of a large set of data including relatively few of the complexes employed in the present analysis. Moreover, the two series are mutually consistent, showing th at there can be no particular error anywhere in the enormous mass of data th at has been accumulated and sifted. I t should now be possible to make a more rapid progress in further analyses. The identity of structure in the pair of complexes gaudens (of kiana) and rubens (of biennis) and the pair of and suaveolens shows th a t the three European species in which they occur are related in origin, though Lamarckiana and suaveolens actually have no complex in common. The probabilities are th at Lamarckiana and suaveolens are derived from a cross or crosses between biennis and one or two unknown forms. There can be little doubt th at biennis is one parent because races similar to it are known wild in North America, whereas Lamarckiana and suaveolens are not known there except in gardens or in situations where they have obviously escaped from cultivation. The species Lamarckiana and suaveolens must have originated after the introduction of biennis to Europe, th a t is, in the post-Columbian period, namely, within the last 500 years. Even so we know th at Lamarckiana and suaveolens have been in existence for at least 143 and 136 years respectively. During those periods there has been no major differentiation in the structure of the chromosomes of the gaudens and rubens complexes or of the albicans complexes of biennis and suaveolens. The complexes are relatively stable in structure; new interchanges th a t are evolutionarily successful do not arise with great frequency.
This conclusion is in agreement with the growing evidence that not all the possible interchanges have occurred in nature. So far as analyses have gone, Oenothera complexes are structurally much more like one another than they should be if the present population is a random selection of all the possible interchanges th at could occur. I t has already become clear from the investigations of Cleland (1935) th at structural arrangements like those of the Californian races referred to Hookeri and franciscana are relatively primitive. Calculation from published and unpublished data shows th at complexes which are structurally more like California-type complexes are also more like all other complexes in their structure than is an average complex. Considerations of this kind are likely to help in the disentangling of a complex phylogeny, the trends of which could only be hinted at with our present fragmentary information.
The identification of the chromosome structure will also aid the genetic mapping of the chromosomes. We have already seen th at breeding results and cytological observations may supplement one another in determining the structure of the chromosomes. At the same time the combination of such data serves to locate particular genes in particular chromosomes or even in a particular arm of a chromosome (Emerson and Sturtevant 1932 ; Renner 1933) . It is therefore now possible to enter on a map the approxi mate location of several genes. The general form of such a map (figure 1) is a star, as was first pointed out by Darlington (1931) , with the arms representing the end-pairing segments of the chromosomes and the dotted circle the differential segments of the chromosomes. Zero locus on the chromosome map is at the proximal end of each arm. I t is a remarkable feature of Oenothera th at most known genes are tightly linked to the differential segments. The majority show only 1 or 2 % recombination with these segments. There are only two exceptions to this phenomenon, namely, the major genes controlling flower size (Co giving small flowers) and the gene brevistylis (br) th at shortens the style, deforms the stigma and also produces characteristic effects in other organs of the plant. Both these genes segregate independently of the differential parts of the com plexes (Renner 1931; Langendorf 1930) , and therefore they are situated at least fifty map units out along one or other of the pairing segments of the chromosomes (Emerson and Sturtevant 1932) . Indeed, every arm of the map must be fifty units long at the least, since each pairing segment forms an average of more than one chiasma at the end of pachytene (Catcheside 1932) .
The data summarized in the map of 0.
(figure 1) are com piled from data in the papers of de Vries, Renner, Oehlkers, Cleland, Emerson and Sturtevant, Shull and myself. Some parts of the map are speculative and will no doubt not stand further tests. However, the map does express in graphical form our present knowledge of the genetic structure of this plant.
The map is of course only a rough approximation which takes no account of the distribution of interstitial segments (between the locus of interchange and the centromere) and of differential segments (between two loci of interchange in the same chromosome). We do not know how complex the structural hybridity is in these plants, but the presence of differential segments may be detected by the effects they produce. Occasional pairing (Lor)
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F ig ure 1. T h e m a p o f chro m o so m e 1 . 2 is a s tr a ig h t lin e ; it h a s fo u r k n o w n gene loci, all close to g e th e r n e a r th e m id d le o f th e chrom osom e. T h e m a p o f th e rem ain in g tw elv e chrom osom es is a co m p o site s ta r, ea ch o f w hose tw elv e arm s rep resen ts a p a ir o f en d -seg m en ts. D iffe re n tia l se g m en ts a re re p re se n te d for all chrom osom es in th e absence o f c o n tra ry in f o rm a tio n ; th e y belo n g a lte rn a te ly to velans (broken line, v) a n d gaudens (d o tte d line, g). C hrom osom es 5 .6 a n d 3 .1 1 a re k n o w n to be th e e x tr a chrom osom e in tw o triso m ics, lata a n d pulla resp ectiv ely . D efinitely lo cated genes a re k n o w n for se g m en ts 3 a n d 4; o th e rs are n o t c e rta in ly allo cated a n d are g iven in b ra c k e ts.
and crossing-over of homologous differential segments, which are several chromosomes apart in the ring, result in a new complex constructed of parts of each of the parent complexes. One of the chromosomes in the new complex is unlike any chromosome of the old complexes, since it consists of parts of two old chromosomes, namely, the two whose differential segments paired. Three such new complexes derived from 0. Lamarckiana have been analysed in the present study, namely, hblandina, and rubricalyx-tx. The new chromosomes th at they contain should indicate the possible positions in the parent complexes of the differential segments that produced them. Unfortunately the problem is immediately com plicated by the fact th at each of the new complexes contains more than one new chromosome. Thus h6 l a n d i n ah as 7.10, 8.13 and 9.14, latifrons has 7.10 and 9.13, and rubricalyx-oc has 7.14 and 8.13, none of which chrom somes are present in either velans or gaudens. This means th at pairing and crossing-over has taken place in at least two different pairs of differential segments either at the same time or separately. Possibly the second struc tural change may have occurred in each case after the new complex had appeared from Lamarckiana. If th at is so, it is indeed curious th at all three of these complexes should have changed their structure. Further, I have studied four strains of rubrinervis-like interchange mutants, all of which have a new complex with the same structure as rubricalyx-ot and all of which are of independent origin from Lamarckiana or a trisomic thereof. The subject requires further detailed analysis th at cannot be pursued at this point.
Summary
The fourteen end-pairing segments of Oenothera chromosomes have been defined (cf. pp. 514 and 517 for summaries of definitions) in terms of their property of pairing at meiosis and the ways in which they are combined K ey to gene symbols on figure 1 As sy n a p tic v. a sy n a p tic (as) chrom osom es a t m eiosis. in the chromosomes of different gametic complexes. The comparison of a number of different complexes has led to the following conclusions concerning their structure in respect of the end segments of the chro mosomes : hHookeri 1.2 3.4 5.6 7.8 9.10 11.12 13.14 flavens 1.4 2.3 5.6 7.8 9.10 11.12 13.14 velans excellens \ 1.2 3.4 5.8 6.7 9.10 11.12 13.14 hfranciscanahpurpurata j 1.2 3.4 5.6 7.10 8.9 11.12 13.14 hblandina 1.2 3.4 5.6 7.10 8.13 9.14 11.12 blandina-A 1.2 3.11 4.12 5.6 7.10 8.13 9.14 blandina-B 1.4 2.3 5.6 7.10 8.13 9.14 11.12 latifrons rubricalux-cL\ 1.2 3.4 5.6 7.10 11.12 8.14 9.13
• • \ hdecipiens j 1.2 3.4 5.6 7.14 8.13 9.10 11.12 rigens 1.2 3.4 5.6 7.12 8.14 9.10 11.13 gaudens] rubens j 1.2 3.11 4.9 5.6 7.12 8.14 10.13 flectens 1.4 2.3 5.7 6.10 8.9 11.13 12.14 albicans 1.4 2.14 3.6 5.7 8.9 10.12 11.13 curvans 1.14 2.3 4.6 5.13 7.11 8.9 10.12
The value of the analysis in relation to evolutionary and genetical studies of these plants is pointed out. The three European species Lamarckiana, suaveolens and biennis are related in origin; each of the first two of these has a complex in common with biennis, but a different one in each case. The common complexes are identical in gross structure and very similar in gene content. A preliminary genetic map of Lamarckiana has been drawn and a complication in the origin of new alethal complexes from Lamarckiana laid bare.
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